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(54) Reducing watar permeability in subterranean formation 



(57) The water permeability of a water-producing 
zone in a subterranean formation is reduced by intro- 
ducing a polymeric surfactant and an inert gas Into the 
zone to fomi a water penneabllity reducing foam therein. 
The polymeric surfactant has the property of facilitating 
the fomiation of the foam and the additional property of 



stabilizing the foam In the presence of flowing fonmatlon 
water. Examples of surfactant are ethylene oxide-pro- 
pylene oxide-ethylene oxide tri-block copolymers and 
ethylene oxide^utylene oxide-ethylene oxide tri-block 
copolymerB. 
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Description 

[00011 The present ioventlon relates to a method of reducing the water permeaWi^ota water producing zone in a 

Se I^L'^Son IriSniir. ^ile hyd,oca,t»n producing welis are usually completed in hydrocarbon 
expense in the producnon oi contain lairere ot water and oil or when there are water producing zones 

h^n^She hjdrocartjon producing fomiations t>y way of natural fractures and/or high P^^^^. 
S^I ^r^^n o^Th^-ete the ratios of water to hydrocartwns recovered often become so high that the cost of 
LrSuSa 1 jSg itV,^ the hydrocarbons and disposing of it represents a significant economic lo«>. 

?^?no^r;S«^!.odS^n of undesiredwaterfrom hydrocarbon produ^ 

^l^^Z^MB have been utilized heretofore. In the case of naturally fractured fomiatlons 
solutions ~"*'""'"9 <^'"^2^?i^o«^ the hydrocarbon producing forniaUons so that they enter 

rSr^nroCngw^prod^U^zo^^^^^^^ 
r^SeToi^war^hetlXS^^^^ 

f!^^^^z^^Zi^X^^i'>^'^<'^- oven when apolymer solution I. property Placedin 

awtSplSrz^eXcii^ 

LcS^iSSslntt,; adsorption characteristice of the polymer and associated crass-hnker andthe like, 
^^^^rtj (JiemSris referred to a. relative pemieabllity modiflom have been utilized to «tecrease the 
n^Sloro* wSJJS. hSSLn..That is. water pom«ability modifying chemicals such as polyacrylam.de have 
productten of wate^ wm nyoro^^ attach to adsorption sites on 

raTl'fC-S^J^e;':^ 

fhr^^ wflJeV fhrouflh tt.e fomiattons while having a minimal affect on the flow of hydrocaibons therethrough. The 
«!S^1^1i™i!blKoLng chemteais In hydrocarbon and water producing f omiations to decrease the pro- 
ZSZl^^S^Z er^^i^e th^ other techniques such as blocking the flow of water with cross- 
S^oolvlSr irc3otiquireexpensl^ 

rheSSiZiSJ SJiS in% snil reducttons in water productton an*or unacceptable levela of reducUon in 
SLSr'Cs"ti2?e2S''nfor improve 

SSs Sg ^erpeS^iiity m%ng techniques and chemteais which are more effective in reduong water 

^CH!^^'!^^^^^^ Of facilitating the formation of said foam and the addrtlonal property of 

'i:^;rorpaZ^'^^^ -tu. . accordance with the present Invention in- 

'?^K «^„«ni.^lS tTeSene oxid^propylene oxide-ethylene oxWe trt-bkwk copolymers and ethylene oxWe- 
hTkiroSilSiTe^JSd?^^^^^ 

arJ.lv have a iTJOlecular weight in the range of from about 5,000 to about 15,000. u»..o» 
i^^^^r^siaiLm can be introduced into the producing zone in an aqueous earner Ik,ukJ such as salt 
[ODOq Tne P«yn»nc s""*™* nitroaen, is separately introduced Into the producing zone .n the 

:^.;s r«;e p:Sr.^rw^^^^ water permeabHity reducing foam in the 

LTSS^ JydSS:* produced in the zone contact the fosm, the foam destabilize. *errt,y allowing *ehydro^ 
cSSTtTbeprS;^. bilhefoar, remains in t^ 

SST ?!e tel'^iSl^.n used in reference to the water produced with hydrocarbons from subterranean fomvi- 
ttenB includes fresh water, salt water and brines, preferably salt water or bnnes. 

S in onHwcedur; according to the presem inventton. for reducing the water pemieability of a water and hy- 

L^rp;^d^zonelnasuSrran«u,fom,atk«,penetraledbyaweHbors.apo^ 

STzone ^^S^of the well bore, the surfactant having the properties of faciiteUng the f'^'^^^^-^, 

JSJgt^^o^intJepresenceofflowingfomiatlon water andde^^^ 
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and then a gas is introduced into the zone by way of the well bore in the presence of the pofymeric surfactant and 
water therein to thereby fonfn a water permeability reducing foam in water producing portions of the zone. 
[0011] As indicated above, the polymeric surfactants useful in accordance with the present invention must have the 
property of faciiitating the fonmation of a foam, stabiiizing the foam in the presence of flowing fonnation water and 

s destabilizing the foam in the presence of hydrocart)ons. It has been found that high molecular weight blocic polymers 
can have the required properties. Examples of suitable such block polymers include^ but are not limited to, ethylene 
oxide-propytene oxide-ethytene oxide tri-block copolymers having molecular weights In the range of from about 5,000 
to about 15,000 and ethylene oxide-butylene oxide-ethylene oxide tri-block copolymers having molecular weights of 
about 5,000 to about 15,000. A particularly suitable and presently preferred polymeric surfactant Is an ethylene oxkle- 

10 propylene oxide-ethylene oxide tri-block polymer having a molecular weight of about 1 5,000. 

[001 2] In accordance with the methocte of this invention, the polymeric surfactant utilized is introduced into the water 
producing zone to be treated by way of the well bore penetrating the zone. Preferably, the polymeric surfactant is 
dissolved or dispersed in an aqueous carrier fluid and the carrier flukj-surfactant solution is pumped into the zone. The 
aqueous canrier liquki can be fresh water, an aqueous salt solution, brine or seawater. The aqueous carrier liquid is 

15 preferably salt water or brine. When salt water Is used It can contain a variety of salts such as potassium chtoride. 
sodium chloride, ammonium chloride and cateium chloride. The polymeric surfactant utilized is generally dissolved or 
dispersed in the aqueous carrier liquid in an amount in the range of from about 0.1% to about 5% by weight of the 
aqueous carrier llquU. 

[0013] After the polymeric surfactant has been placed in the water producing subterranean zone, a gas for foaming 
^ water In the zone is Introduced into the zone. The gas utilized is preferably natural gas or nttrogen with nitrogen being 
the most preferred. The gas is pumped into the zone by way of the well bore in an amount suffipient to fomn a foam 
with the aqueous soiutton or disperston of the polymeric surfactant previously placed in the zone. That is, In a volumetric 
ratk> of the gas to the aqueous solution or dispersion of the polymeric surfactant in the zone in the range of from about 
1 : 1 to about 10:1. When the gas contacts water containing the polymeric surfactant previously Introduced into the zone, 
25 a foam Is formed and stabilized in the porosity of the zone. The presence of the foam substantially reduces the water 
flow through the zone, and because the foaming and stabilizing surfactant utilized is a high molecular weight surfactant, 
it is not readily leeched or othenivise removed from the foam by water contact and stabilizes the foam for a k>ng period 
of time. When produced hydrocartK>n8 come Into contact with the foam, the foam is destaJMiized and removed by the 
hydrocartx>n flow. Thus, hydrocart>on8 produced In the zone readily ftow through the zone, but water produced in the 
30 zone by way of fractures, pemieable streaks and the like are prevented from flowing through the zone by the presence 
of the foam. 

[001 4] A preferred method of the present invention for reducing the water pemneability of a water producing zone in 
a subterranean fomfiation penetrated by a well bore is carried out as follows. A polymeric surfactant and an inert gas 
are introduced into the water producing zone by way of the well bore to thereby fonn a water pemneability reducing 
35 foam therein, the polymeric surfactant having the property of facilitating the formation of the foam and the additional 
property of stabilizing the foam in the presence of flowing formation water 

[0015] Another prefen-ed method of this invention for reducing the water pemneability of a water and hydrocarbons 
producing zone in a subtenranean formation penetrated by a weil bore is as follows. An aqueous solution or disperston 
of a polymeric surfactant is introduced into the zone by way of the well bore, the surfactant having the properties of 
40 facilitating the fomnation of a foam, stabilizing the foam in the presence of flowing formation water and destabilizing 
the foam in the presence of hydrocarbons. Thereafter, a gas is introduced into the zone by way of the well bore in the 
presence of the aqueous solutkin of the polymeric surfactant to thereby form a water permeability reducing foam in 
water producing portions of the zone. 

[001 6] Yet another pref en'ed method of this invention for reducing the water permeability of a water and hydrocarbons 
45 producing zone In a subterranean fonmation penetrated by a well bore is as follows. An aqueous solution or dispersion 
of an ethylene oxide-propylene oxide-ethylene oxide block copolymer surfactant having a molecular weight In the range 
of from about 5,000 to at>out 15,000 is pumped into the zone by way of the weli bore to facilitate the formation of a 
foam, stabilize the foam in the presence of flowing formation water and destabilize the foam In the presence of hydro- 
carbons, and then nitrogen gas is introduced into the zone by way of the well t>ore in the presence of the surfactant 
50 and water therein to thereby form a water permeability reducing foam in water producing porttons of the zone. 

[0017] As indicated previously, the earner iiqukl is preferably salt water or brine and the polymeric surfactant is 
preferably present in the salt water or brine in the range of from about 0. 1 % to about 5% by weight of the salt water or 
brine. The gas utilized is preferably nitrogen gas, and the gas is preferat)ly pumped into the zone in a volumetric ratio 
of the gas to the aqueous solution or dispersk>n of the polymeric surfactant in the zone in the range of from about 1 :1 
55 to about 10:1. 

[0018] In order to further illustrate the methods of this invention, the foOowing examples are given. 
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Example 1 

[0019] Screening tests were conducted to determine the water washout times of various polymeric and other sur- 
factants. The procedure utilized in the screening tests is as follows. Each surfactant tested was dissolved or dispersed 

5 in fresh water at a concentration of 2% surfactant by weight of water. The resulting water-surfactant mixtures were 
then each placed In a 1 inch diameter by 1 foot tall glass tube. Foam was generated in the glass tube by flowing air 
upwardly at a flow rate of 10 milliliters per minute through the water-surfacknt mixture. Fresh water was then added 
to the top of the foam column at a flow rate of j3 milliliters per minute. The time required for the surfactant to be desorbed 
from the foam and for most of the foam to be washed out was measured. The various surfactants tested and the times 

10 for their washout are set forth in Table I below. 



TABLE I 





Surfactant Washout Testa 


15 


Test No 


Surfactant 


Washout Time, min. 




1 


Mixture of sodium dihexyisuirosuocinaie ano isopropanoi 


9 




2 


Sodium dodecyl sulfate 


2 




3 


Sodium laureth sulfate 


62 


SO 


4 


Mixture of alkyl polyoxyethylene ether and isopropanoi 


3 


5 


Mixture of alpha olefin sulfonate and ethylene glycol monobutyl ether 


3 




6 


Mixture of alkyl ether sulfate and ethylene glycol monobutyl ether 


2 




7 


Mixture of alkyl amines 


20 


25 


8 


Ethylene oxide-propytene oxide-ethylene oxide tri-block copolymer 
(EOi32-POse-E0^32) having a molecular weight of 14,600 


135 




9 


Ethylene oxide-propylene oxlde-ethylene oxide trf-bk)ck copolymer 
(EOioa-POae-EOioa) having a molecular weight of 11 ,400 


21 




10 


Ethylene oxide-propylene oxlde-ethylene oxide tri-block copolymer 
(EOyQ-POgo-EOye) having a molecular weight of 8,400 


100 


30 


11 


Ethylene oxtele-propylene oxlde-ethylene oxide tri-bk>ck copolymer 
(E02e-P039-E026) having a molecular weight of 4.600 


18 




12 


Ethylene oxide-butylene oxide-ethylene oxide tri-block copolymer 
(E045-B0^4-E045) having a molecular weight of 5,000 


92 




13 


Ethylene oxide-butyiene oxide-ethylene oxide tri-block copolymer 


57 


35 




(E034-BO|f-E034) having a molecular weight of 3,800 





[0020] From Table I , It can be seen that the surfactants tested in Test Nos. 4» and 9 through 1 4 generally functioned 
better than the other surfactants. 



Example 2 

[0021] A number of the surfactants tested in Example 1 were tested in sand packs to detemnine their performance 
in reducing water penneabiiity. The surfactants were dissolved or dispersed In fresh water at a concentratton of 0.5% 
surfactant by weight of water The resulting water-surfactant mixtures were then each used to generate a foam in a 
sand pack which was 1 inch in diameter by 2 feet long. That is, each water-surfactant mixture was used to iorm a foam 
in the sand pack by alternate injection of portions of the water-surfactant mixture and air The pressure drop across 
the sand pack was then measured, and from the pressure drop a mobility reduction factor for liquid flow was calculated. 
I.e., the ratio of the pressure drop required to achieve a given vohimetrfc flow rate with foam present to that when the 
sand pack was completely filled with water. 

[0022] When foam with a mobility reduction factor near 1 00 was generated, surfactant-free 5% by weight brine was 
injected at a flow rate of 1 0 milliliters per mriute and the pore volumes of water required to reduce the mobility reduction 
factor to a low value was measured. The various surfactants tested and the times for their washout are set forth in 
Table II bek>w. 
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TABLE II 



Sand Pack Wtohout Tatts 


Test No. 


Surfactant 


Pore Volumes of Brine For Washout 


1 


Sodium laureth sulfate 


13.5 


2 


Ethylene oxide-propylene oxide-ethylene oxide tri-block 
copolymer (EO^^'POs^'EO^xii h^tvlng a molecular weight of 
14.600 


27.5 




cinyiene axiae*prupyiene oxiue*einyiene oxioe in*oiocK 
copolymer (EO^qq-POs^-EO^qs) having a molecular weight of 
11.400 


A A 
0.0 


4 


Ethylene oxide-propylene oxide-ethylene oxide tri-btock 
copolymer (EO26-PO39-EO26) having a molecular weight of 
4.600 


5.0 


5 


Ethylene oxide-butylene oxide-ethylene oxide tri-block 
copolymer (E045-B0t4-E04g) having a molecular weight of 
5.000 


16.0 



[0023] From Table II, It can be seen that the surfactants tested are effective in fomiing and stabilizing foams in the 
presence of flowing brine. 

[0024] Thus, the present invention is well adapted to cany out the objects and attain the ends and advantages 
mentioned as wel as those which are Inherent therein. While numerous changes may be made by those skilled In the 
art. such changes are encompassed within the spirit of this invention as defined by the appended claima. 



Claime 

1. A method of reducing the water pemieabiiity of a water producing zone in a subten^anean fomiation penetrated 
by a well bore, which method comprises introducing a polymeric surfactant and an inert gas Into said water pro- 
ducing zone by way of said weD bore to thereby fonn a water penneability reducing foam therein, said polymerk: 
surfactant having the property of facilitating the fomiation of said foam and the additional property of stabilizing 
seUd foam in the presence of flowing formatton water. 

2. A method according to claim 1 . wherein saki polymeric surfactant is selected from ethylene oxidei)ropylene oxkfe- 
ethylene oxide tri-block copolymers and ethylene oxide-butylene oxide-ethylene oxide tri-block copolymers, and 
Is preferably an ethylene oxUe-propytene oxide-ethylene oxide tr1-bkx:k copolymer having a molecular weight of 
from 5,000 to 15,000. 

3. A method according to claim 1 or 2, wherein said polymeric surfactant is introduced Into said zone as a solution 
or dispersion in an aqueous canier liquid, and is preferably present in sakj aqueous carrier liquid in an amount of 
from 0.1% to 5% by weight of said carrier liquid. 

4. A method according to claim 1 , 2 or 3, wherein said aqueous earner liquid is an aqueous salt solution or brine. 

5. A method according to any of daims 1 to 4. wherein said polymeric surfactant and said gas are separately intro- 
duced into saU zone. 

6. A method according to any of claims 1 to 5. wherein said gas is natural gas or nitrogen. 

7. A method according to claim 6. wherein said gas is nitrogen and it is introduced into said zone in a volumetnc ratio 
of said gas to said aqueous solution or dispersion introduced therein of from 1 :1 to 1 0:1 . 

8. A method according to any of claims 1 to 7. wherein the polymeric surfactant is introduced into said zone by way 
of sakJ well bore, and the gas is introduced into said zone by way of sakI well bore in the presence of said polymeric 
surfactant and water therein to thereby form the water permeability reducing foam in water producing portions of 
said zone. 
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9. A method according to claim 1 , which comprises (a) pumping an ethylene oxide-propylene oxide-ethytene oxide 
tri-block copolymer surfactant Into said zone In an aqueous carrier liquid by way of said well bore, and then (b) 
introducing nitrogen gas into said zone by way of said well bore in the presence of said surfactant and walertherein 
to thereby fonn the water pefmeabillty reducing foam in water producing portions of said zone. 

10. A method according to claim 9, wherein said surfactant is present in said aqueous carrier liquid in an amount of 
from 0.1 % to 5% by weight of said earner liquid, and wherein said canrier liquid Is preferably salt water. 

10 
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